v" A case-control analysis was performed to evaluate the association of 15 potential risk factors with postoperative infection in neurosurgical patients. All infections that developed postoperatively on the neurosurgical service at the University of Minnesota from January, 1970, to March, 1984, were identified. Among the 9202 operations performed during that time, 101 infections occurred for a rate of 1.1%. Three risk factors showed significant association with postoperative infection: cerebrospinal fluid (CSF) leak, concurrent noncentral nervous system (CNS) infection, and perioperative antibiotic therapy. The presence of a CSF leak and a concurrent non-CNS infection increased the estimated relative risk of infection to 13:1 and 6:1, respectively. The use of perioperative antibiotics was associated with a decrease in the risk of infection to approximately 20% of the control level. Three other risk factors (paranasal sinus entry, placement of a foreign body, and use of a postoperative drain) appeared to be associated with increased risk of infection, although statistical significance was not demonstrated. None of the remaining nine risk factors studied showed any suggestion of increased risk of infection.
N
EUROSURGEONS have traditionally reported postoperative wound infection rates substantially lower than their general surgical colleagues. However, the potentially devastating effects of postoperative infection in the central nervous system (CNS) have inspired continuing interest in a better understanding of the factors leading to postoperative wound infection. Potential risk factors for infection have been identified, but relatively few attempts to verify the importance of each factor have appeared in the literature. No neurosurgical study has attempted to estimate the magnitude of infection risk associated with specific factors. While such information will be most reliably collected in a prospective fashion, the results of such a study would not be available for a number of years. Therefore, we have retrospectively analyzed the experience with postoperative wound infection on the neurosurgical service at the University of Minnesota, in an attempt to estimate the magnitude of risk associated with a number of characteristics in these patients and their operations.
Clinical Material and Methods
Postoperative wound infections were identified by a manual search of operation logs and complication reports of the Department of Neurosurgery covering the period from January, 1970, through March, 1984 . In addition, a computerized search of medical records of the University of Minnesota was carried out to identify patients suffering wound infections following a neurosurgical procedure. Cerebrospinal fluid (CSF) shunting procedures were excluded from the study because of their unique liability for infection. For each infected operation identified, a search of the department's operation logs and computerized medical records was made for an uninfected operation of similar nature, performed by the same surgeon as close in time as possible to the infected operation on a patient of similar age and gender. For matching purposes, the procedure and diagnosis were combined to produce seven categories: craniotomy for tumor, craniotomy for vascular lesion, other craniotomy, spinal procedure for tumor, spinal procedure for intervertebral disc or degenerative disease, other spinal procedure, and all other procedures (including peripheral nerve operations, radiofrequency rhizotomy, and carotid endarterectomy).
Postoperative wound infection was defined as purulent wound drainage, bacterial meningitis, brain or spinal cord abscess, epidural or subdural empyema, intervertebral disc-space infection, osteomyelitis, mul-tiple-stitch abscesses, or wound cellulitis. In general, a bacterial isolate was required in each category. We accepted eight patients with clinical findings so strongly suggestive of infection that they were given a full course of antibiotic therapy despite lack of isolation of bacteria from the wound. Analysis of the data excluding these patients did not change the statistical significance or alter conclusions.
The complete medical records of each infected case and its control were reviewed, and data on 16 possible risk factors were extracted. Concurrent non-CNS infections were recorded for all patients with infections outside the CNS (such as urinary tract infection or pneumonia) detected by preoperative screening tests. An operation was considered a reexploration whenever it was performed through the same incision as a previous operation regardless of the time interval between the two procedures. Obesity was identified as a body weight of 25% or more above the ideal body weight for that patient, based on height, frame, and gender. Perioperative antibiotic use was recorded for any operation in which at least one dose of antibiotic agent was given during the procedure or within 1 hour prior to the start of the operation. Antibiotics started after the completion of the operation were not counted in this category. Paranasal sinus entry was defined as a recognized violation of any of the paranasal sinuses or mastoid air cells at the time of surgery. Dural opening included planned surgical incisions as well as inadvertent openings that were recognized at the time of surgery. Placement of a foreign body was recorded when stimulating electrodes or acrylic or metal implants were intentionally left in the surgical wound. Small amounts of metal such as wire sutures in craniotomy flaps or aneurysm clips were not considered as foreign bodies. Postoperative drain placement included a variety of closed and open drainage systems left in place from several hours to several days postoperatively. The specific type of drainage system used was so inconstantly reported in the records that analysis of drain type was not possible. Postoperative CSF leak was recorded when such drainage was diagnosed postoperatively on the basis of otorrhea, rhinorrhea, or leakage from the surgical wound. The duration of preoperative hospitalization in days and the duration of operation in minutes were recorded. Administration of any steroid medication prior to surgery was recorded as preoperative steroid administration. Administration of steroid medication for more than 24 hours postoperatively was recorded as postoperative steroid administration. The administration of anticonvulsant medication was recorded, as was the presence of previously diagnosed diabetes mellitus. For infected patients, the species of the infecting organism and the time between the operation and diagnosis of infection were recorded.
Statistical analysis of dichotomous variables was carried out as described by Fleiss. 3 The matched pair was the unit of analysis. A fourfold table was constructed classifying each matched pair according to whether or not the risk factor was present in the case or in the control. McNemar's chi-square was calculated to test for the significance of any association between the risk factor and infection. Odds ratios and 95% confidence intervals were calculated. The odds ratio (in this study, the ratio of the number of pairs in which the risk factor was present in the case but not in the control to the number of pairs in which it was present in the control but not in the case) can be considered an estimate of the relative risk of infection when the risk factor is present. This is justified in the circumstance where the outcome (infection) is a relatively uncommon event.
As the overall infection rate in patients eligible for this study was 1.1% during the study period, we consider these odds ratios to be appropriate estimates of relative risk. Where the 95 % confidence intervals do not include an odds ratio of 1, the odds ratio is considered to be statistically significant.
The statistical power of these comparisons was estimated according to the methods described by Schlesselman. 7 In order to have an 80% chance of detecting an odds ratio of at least 2:1 with Zo = 1.96, 64 discordant pairs are needed. The retrospective nature of the study and limitations on the total number of infected patients made it impossible to obtain this number in any case. The continuous variables (preoperative stay and duration of operation) were compared between the infected and uninfected patients by analysis of variance.
Results

Effectiveness of Matching
One hundred and one (101) postoperative infections were identified from a group of 9202 cases, for an overall infection rate of 1.1%. A total of 3750 potential control patients were identified and their medical records reviewed. Eighty-nine satisfactory matches were found. In the remaining 12 cases, the procedure was sufficiently unusual that the operating surgeon had not performed a similar procedure within 5 years of the index case. These 12 cases were eliminated from the study.
All craniotomy cases with infections were matched with control craniotomy patients; all spinal procedures associated with infections were matched with spinal procedures without infections; and all other procedures were likewise appropriately matched. The surgeon was matched in all cases. The average age of patients in the infected group was 42.0 +_ 20.8 years (mean +_ standard deviation) and in the control group was 42.3 + 19.1 years. However, the mean absolute difference in age between the cases and controls was 9.8 years (F < 1). It was thought sufficient to match the patients within a decade of age. The mean absolute difference in the year of operation was 1.6 years (F < 1). In 20 cases it was not possible to match gender. The control group was 60% male and the infected group was 64% male (chisquare = 0.38, p = 0.54). The organisms involved in the 89 infections are shown in Table 1 . 
Risk Factors of Significance
Three risk factors (CSF leak, concurrent non-CNS infection, and perioperative antibiotic therapy) showed significant associations with postoperative infection. The presence of a postoperative CSF leak was associated with greater than a 13:1 increase in infection risk ( Table  2) . A concurrent non-CNS infection increased infection risk approximately 6:1 ( Table 3 ). The use of perioperative antibiotic therapy was associated with a decrease in the risk of postoperative infection to approximately 20% of the control level ( Table 4) .
Risk Factors of Possible Importance
Three risk factors (paranasal sinus entry, placement of a foreign body, and use of a postoperative drain) appeared to be associated with increased risk of infection, although the associations were not statistically significant. There were five pairs in which the sinus was entered in the infected case but not in the control, and there were no pairs in which the reverse was true (Table  5) . While the small number of pairs for analysis and the absence of uninfected controls with sinus entry makes precise statistical analysis impossible, this finding is certainly suggestive that sinus entry predisposes H. D. Mollman and S. J. Haines to infection. The estimated increase in risk associated with placement of a foreign body was 5:1 ( Table 6 ). The probability that this association is a chance event is 0.22. The estimated increase in risk of infection with the use of postoperative drain was 2:1 ( Table 7) . The probability that this association is a chance event is 0.15.
Factors Without Suggestion of Increased Risk
None of the following factors showed even a suggestion of increased risk of infection: obesity, surgical reexploration, use of the operative microscope, pre-or postoperative steroid administration, or anticonvulsant therapy (Table 8) . Mean operation duration in the infected cases was 178 minutes and in the uninfected control group 162 minutes. The difference was not statistically significant (F = 1.49, p = 0.22). The mean preoperative hospital stay in the infected cases was 5.4 days and in the control group 4.8 days. The difference was not statistically significant (F = 0.55, p = 0.46).
Insufficiency of Data
In only six pairs was a member of the pair diabetic. In four pairs it was the infected member of the pair and in two it was the control. There are insufficient data to allow conclusions to be drawn about the influence of diabetes on infection.
Anomalous Factors
When dural opening was analyzed, an anomalous result was obtained suggesting that dural opening reduced the infection risk sevenfold (Table 9 ). Because our matching process was intended to match intradural procedures with intradural procedures, and vice versa, the eight pairs in which dural opening did not match were more carefully analyzed. In six of these pairs the dural opening in one member of the pair was inadvertent. In all of these cases antibiotic therapy was begun intraoperatively. It is therefore likely that the protection against infection apparently conferred by dural opening was, in fact, the result of antibiotic therapy.
Discussion
The classic studies of Balch ~ and Wright 9 identified certain factors that they believed to be associated with an increased risk of postoperative wound infection. Subsequent studies have confirmed that some of these risk factors appear to be important but have called others into question. 2'5'6'8 A number of neurosurgeons have used perioperative antibiotics in an attempt to reduce the risk of postoperative wound infection, but a definitive demonstration of the effectiveness of this approach does not exist. 4 These studies were retrospective reviews of the infection experience of single institutions. While some have assessed the statistical significance of the association of certain risk factors with infection, none has attempted to quantify the amount of risk associated with these factors. Our data confirm the unanimous position of previous authors that the presence of a CSF leak in the postoperative period is a substantial risk factor for the development of infection. In our study, there were no uninfected patients with CSF leak, while 14 infected patients had such leaks. Because the absence of CSF leaks in uninfected patients makes direct statistical analysis impossible, our estimate of risk is based on the less extreme situation of having 13 leaks in infected patients and one in a control patient. Even this result is highly statistically significant (chi-square = 8.64, 1 degree of freedom (d.f.), p = 0.003, odds ratio 13:1, 95% confidence interval 1.8 to 266.4).
Our data also lend support to the generally held concept that placement of foreign bodies, paranasal sinus entry, and the use of postoperative drains may all increase the risk of postoperative infection. Our sample is not sufficiently large to allow definite conclusions in this regard. The statistical power of these comparisons to detect a 2:1 odds ratio (assuming Z~ = 1.96 and the number of discordant pairs actually found in the study) was 0.11 for placement of foreign body, 0.10 for sinus entry, and 0.36 for use of drain. The low power of all these comparisons must be taken into account when interpreting the finding of lack of association between a risk factor and infection. This problem also emphasizes the difficulties encountered in studying a relatively rare event such as postoperative infection and the need for very large patient populations in such studies.
Previous opinion regarding the effect of duration of operation on infection risk has been divided. We found no association between operation duration and infection risk.
We have demonstrated that the presence of any infection at the time of surgery increases the risk of wound infection substantially. Where possible, such infections should be treated and controlled prior to surgery. Finally, our data suggest a substantial benefit in reducing infection risk from the use of perioperative antibiotics. During the time encompassed by this study there was no systematic protocol governing the use of perioperative antibiotics. A wide variety of antibiotics was used and the administration schedules varied from surgeon to surgeon and from time to time. Operations for which prophylactic antibiotics were administered tended to last about 30 minutes longer than those done without antibiotic coverage. This difference was statistically significant (F = 5.48, p = 0.02) but does not appear to explain the antibiotic protective effect because duration of operation had no important association with infection. Antibiotic administration was not correlated with type of organism and did not appear to affect time from surgery to diagnosis of infection. The patients who did not receive antibiotics did not have an excess of CSF leak, concurrent infection, sinus entry, foreign body placement, or drain use that could explain their increased infection risk.
A study such as this attempts to compensate for the lack of prospective study design by choosing a control group matched as closely as possible to the study group for certain factors known or thought to be of great importance in determining the outcome. This allows a more or less valid comparison of other factors that may contribute to that outcome. By carefully defining the outcome and factors to be studied and adhering to those definitions during data collection, by choosing control cases without regard to risk factors, by collecting the data without looking at the results as they accumulate, and by making random choices of control cases where more than one satisfactory candidate is found, we hoped to minimize the deficiencies of retrospective study design and data collection. However, no method can compensate for incomplete and inconsistent recording of information in the medical record, changes in surgical ability and technique over time, and a less than perfect matching of cases and controls. While we believe that the techniques followed in this study have provided us with valid information and first approximations of
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estimates of relative risk, the limitations of the data and study design make it hazardous to consider these results definitive. Additional information gathered from prospective matched studies of postoperative wound infection and, in selected circumstances, from randomized clinical trials, should be sought to confirm these findings.
Conclusions
1. Postoperative CSF leakage is a substantial risk factor for postoperative wound infection. Every effort should be made to prevent such leaks during surgery. When a CSF leak is identified, it seems logical to recommend aggressive measures to obliterate it.
2. Whenever possible, active infection such as urinary tract infection or pneumonia should be brought under control prior to performing a neurosurgical procedure.
3. The perioperative use of antibiotics appears to reduce the risk of postoperative wound infection substantially.
4. Entry into the paranasal sinuses, placement of a foreign body, and use of postoperative drainage probably increase the risk of postoperative wound infection.
